The region specific homeotic gene spalt (sal) of Drosophila determines the specification of terminal segments. Its mutation leads to an incomplete transformation of terminal segments into trunk-like segments. The gene product is a zinc finger protein with a novel structure. We have isolated the mouse homolog of the Drosophila spalt gene (msal). The msal cDNA sequence is similar to its Drosophila counterpart in that it contains seven C 2 H 2 -type zinc finger motifs grouped into three pairs plus a single zinc finger closely linked to the middle pair. The two genes exhibit high sequence similarity in the zinc finger regions and to a lower extent in the putative transactivation domains. We have analysed the expression pattern of msal and show that it is expressed in the developing neuroectoderm of the brain, the inner ear and the spinal cord and in urogenital ridge-derived structures such as testis, ovaries and kidneys. A weaker and transient expression is seen in early embryos in the branchial arches and in tissues like the notochord, the limb buds and the heart. Given its role in Drosophila melanogaster and its strong sequence conservation, this expression pattern suggests an important role for msal in the development of the nervous system.
Introduction
Much of our current knowledge about genes which are important for mammalian embryogenesis is based upon the cloning and characterisation of homologs of Drosophila developmental control genes (for review see Kessel and Gruss, 1990) . This approach has led to the identification of transcription factor families that are important for mouse embryogenesis, for example the Hox-gene-family (for review see McGinnis and Krumlauf, 1992) and the Pax-gene-family (for review see Gruss and Walter, 1992; Chalepakis et aI., 1993) The Drosophila spalt-gene is a region specific homeotic gene. It differs in two aspects from the homeotic genes of the Antennapedia and the Bithorax complex. First it is not under negative control by genes of the Polycomb group and second it is active in two separate domains, an anterior and a posterior domain (Jurgens, 1988) . Mutations in the spalt locus lead to incomplete homeotic transformations of head and tail segments into segments with a trunk-like character. The function of the spalt gene therefore is to promote the specification of terminal elements as opposed to segments of the trunk (JUrgens, 1988) .
Molecular cloning of the spa It gene (Kuhnlein et aI., 1994) showed that it is a large gene which encodes a protein of 1355 amino acids (aa). The gene product is characterised by seven zinc-finger motifs of the C 2 H r type (Kaptein, 1991) . The arrangement of the zinc fingers is quite unusual. Six of the seven fingers are grouped into three pairs that are widely separated. Sequence comparison of these zinc finger pairs showed the conservation of two boxes in all three pairs. The first conserved box is the spacer motif for closely linked zinc fingers, the H-C link motif (Berg, 1990) . The second box is an eight amino acid motif (FTTKGNLK) which is found in the putative DNA-binding region (Pabo and Sauer, 1992) of the second finger in all pairs, the so-called SAL box. In addition to its function as a homeotic gene during the early blastoderm stage, the Drosophila spalt gene is also expressed in restricted areas later in development, for example the central nervous system, the tracheal system and the visceral mesoderm of the midgut (Kiihnlein et aI., 1994) .
Here we report the cloning and expression analysis of the murine spalt gene (msal). Msal is expressed early in development in ectodermal tissues and in the posterior mesoderm. By its expression pattern, msal is suggested to play an important role in organ formation during mouse development.
Results

Isolation of a genomic phage containing the msal locus
As no information concerning the expression domain of a putative mouse spalt homolog was available, we decided to screen a genomic library. Two probes were used: a 300 bp Drosophila cDNA-fragment containing the first zinc finger pair of the spalt gene and a degenerated oligonucleotide derived from the SAL box. Phages positive with both probes were picked and purified. Crosshybridising fragments were subcloned and sequenced. A 172 bp fragment was obtained which showed high sequence similarity to the carboxy terminal part of the first zinc finger pair from the Drosophila spalt gene (69.5% similarity on DNA level and 86% similarity on amino acid level). Southern Blot analysis with this mouse probe under high stringency conditions detected a single band in O.5kb The comparison was done with the HUSAR sequence analysis program from the German Cancer Research Center, Heidelberg.
genomic mouse DNA. Under low stringency the mouse probe detects the corresponding spalt-specific restriction fragment in Drosophila genomic DNA (data not shown).
Cloning of the msal-cDNA and sequence analysis
Based on the expression analysis (see below) we screened a day 9.5 p.c. embryonic cDNA-library. We obtained a single 2.5 kb cDNA clone which contains a poly (A+)-tail and thus extends to the 3'-end of the mRNA. This cDNA-clone was used to rescreen an oligo dT-and random-primed cDNA-library (Invitrogen) made from adult brain RNA. Two overlapping cDNA clones extending in the 5' direction were obtained. The composite cDNA contains approximately 3900 base pairs (bp) and has an open reading frame of 3753 bp, coding for a protein with 1251 amino acids. A start codon was not present, suggesting that we have not cloned the 5' end of the cDNA. Further rescreening of cDNA libraries and RACE PCR-based approaches failed to extend our cDNA at the 5' end. A Northern blot with 20 Jlg of total RNA from various tissues showed a weak signal in brain RNA at approximately 4.5 kb after 12 days exposure (data not shown). This suggests the existence of additional 600 nt at the 5' end of the mRNA.
Primary sequence analysis revealed seven zinc fingers of the C 2 Hrtype. Like its Drosophila counterpart they are grouped into three pairs plus one zinc finger closely linked to the middle pair (Fig. 1 ). The comparison with the Drosophila sequences reveals striking similarities in the zinc finger regions between both genes (Fig. 3) . The degree of similarity varies between 96.1 %, 90.2% and 72.6% at the amino acid level for the first, second and third zinc finger pair, respectively (Table 1 ). All the mouse zinc finger pairs contain a perfectly conserved SAL box with one exception. There is one threonine in the first mouse zinc finger pair substituted by a serine (Fig. 3) . In addition to the strong conservation of the zinc finger sequences, the spacing of the zinc fingers seems to be conserved between the Drosophila and the mouse gene. In both organisms the single zinc finger is separated by a stretch of 11 amino acids from the second zinc finger pair.
In addition, a glutamine-rich region at the aminoterminus of the protein is conserved between Drosophila and mice. This suggests an important function for this motif in transactivation or repression or protein-protein interaction. Outside the mentioned domains the overall similarity of both genes is relatively low.
A comparison of the msal cDNA sequence with its genomic counterpart reveals the presence of two introns. One is located at the 3' end of the gene (Fig. 1) . The exon-intron boundary lies in the second zinc finger of the last zinc finger pair. The other intron is located 5' of the first intron and surprisingly codes for a fourth pair of zinc fingers (Fig. 2) . The similarity varies between 63% and 78% at the amino acid level to the Drosophila zinc finger pairs (Table 1) . This finding suggests alternatively spliced mRNAs coding for a protein with 7 or 9 zinc fingers. We have checked the expression of both putative transcripts by RT-PCR. Both transcripts are present in RNA derived from adult brain and midgestation embryos but the seven zinc finger transcript is more prominent (data not shown). The position of both introns and the existence of an additional zinc finger pair in the first intron are conserved between mouse and Xenopus (R. Stick, pers. commun.). Interestingly this zinc finger pair does not contain a perfect SAL box (Fig. 3 ).
Although we have not cloned the most 5' part of the cDNA, analysis of the sequence of the genomic clone suggests a splice site at the 5' end of the mouse cDNA sequence, separating the translation initiation codon from the large exon. This is also true for the Drosophila counterpart and for the Xenopus homolog (R. Stick, pers. commun.).
Expression analysis of the mouse msal gene
To examine the tissue distribution of the mouse msal gene we performed RNase-protection assays with 20 flg RNA derived from various adult tissues and of different embryonic stages. In adult mice the msal-mRNA is only detected in brain, testis and kidney (Fig. 4) . It is also ex- pressed from day 11.5 of gestation until day 14.5 p.c. A longer exposure or the use of 50 flg of RNA shows that the msal-gene is also expressed between day 14.5 of gestation until birth and in adult ovaries and embryonic stem cells (data not shown).
To examine the spatial and temporal expression patterns during development we performed in situ hybridisation on mouse embryos from day 6 p.c onward and in 4-day-old newborns. Transcripts were first detected on day 7.0 p.c. in the presumptive neuroectoderm and in the primitive streak mesoderm (data not shown).
On day 7.5 p.c. embryonic ectodermal cells are continuously migrating through the primitive streak forming the mesodermal layer between ectoderm and the primitive endoderm. A part of the mesoderm moves anteriorly to form the prechordal mesoderm of the head and the notochord. On day 7.5 p.c. the msal gene is expressed in msal tbp Fig. 4 . Expression analysis of msal in the adult mouse and in embryonic tissues. 20 flg of total mouse RNAs from the indicated tissues or embryonic stages were analysed by RNase protection assays. A protected band (331nt) is observed in adult brain, testis and kidney and in embryonic tissues from day 11.5 p.c. until day 14.5 p.c. A longer exposure shows weak msal expression in all embryonic RNAs and in RNA derived from ES cells. Abbreviations: ES, embryonic stem cells; L. Int, large intestine; S. Int, small intestine. primitive streak mesoderm posterior to the node and in the presumptive neural ectoderm of the embryo (Fig. 5A) . A gradient of expression in the day 7.5 p.c. embryos is observed. Msal expression is high in ectoderm and mesoderm from the allantois to the node and weaker in the ectoderm from the node to the headfold. The extraembryonic allantois also strongly expresses msal (Fig.  5A) . Expression was not seen in the endoderm, in the anterior prechordal mesoderm or in the notochord (Fig.  5A , arrow) on day 7.5 p.c .. Once the notochord is established on day 8 p.c. expression of msal can be detected there as well (data not shown). This weak expression is maintained until the notochord degenerates on day 13.5 p.c. (Fig. 6A,B) .
From day 8 p.c. onward the expression of msal becomes restricted to the developing neural epithelium (Fig.  5D) , to specific mesoderm-derived structures and to the tail tip. Mesoderm originating posterior to the node gives rise to a number of structures including heart, limb, somites, urogenital ridge and extraembryonic membranes. Msal is detected in a subset of these structures.
A weak hybridisation signal was detected in the region of the mesoderm-derived condensing nephric tubules. Expression is first detected in the mesonephric tubules on day 10 p.c. and on day 11 p.c. in the metanephric duct. Subsequently, msal transcripts are detectable only in the developing gonads (data not shown). A weak hybridisation signal was also detected in the mesenchyme of the first and second branchial arch between day 8 and day 12.5 p.c. (Fig. 5B, arrow; Fig 5D, arrowhead) . On day 10 p.c. expression in the branchial arches is restricted to more dorsal regions. We do not yet know whether the signal in the branchial arches is mesoderm-specific or related to the invasion of these structures by neural crest cells. A similar restriction of the expression is observed for the expression in the developing heart. From day 9 p.c. until day 12.5 p.c. a weak signal is detected in the truncus arteriosus of the developing heart (data not shown). On day 10 p.c. strong expression is detected in a third mesoderm-derived structure, the limb. Msal is detected in the progress zone of the mesenchymal component of the developing limb buds (Fig. 5C) but not in the apical ectodermal ridge (Fig. 5C, arrow) . This expression is transient and decreases in the forelimb and subsequently in the hindlimb and cannot be detected on day 12.5 p.c.
Expression in the spinal cord
After the closure of the neural tube the spinal cord consists of a pseudostratified cell layer which is mitotically active. In a precise ventral to dorsal manner, cells cease mitosis, begin to differentiate and migrate from the margin of the lumen to settle in the surrounding mantle layer. Motor neurons originate from the basal plate between days 10 and 11 p.c., neurons of the intermediate zone originate from days 11 to 14 p.c. from the dorsal and basal plate and the neurons of the head of the dorsal horn originate on days 12 to 14 p.c. from the dorsal plate of the spinal cord (Nornes and Carry, 1978) .
Between day 9 p.c. and day 10 p.c. the msal gene is expressed in the ventricular zone of the neural tube posterior from the telencephalon. In the spinal cord msal is excluded from the floor plate and the lateral intermediate zones (Fig. 6A,B) . On day 10 p.c. the non-expressing region in the ventral intermediate zone becomes more prominent.
At day 12.5 p.c. the ventricular zone in the region where motor neurons are proposed to originate has nearly completely regressed but msal transcripts are still detectable in the remnants. The gene is strongly expressed in the dorsal ventricular zone. In addition labelling is visible in postmitotic cells in the dorsal plate and in cell clusters in the basal plate or the intermediate zones (Fig. 6C , arrows). At later stages msal expression becomes restricted to the remnants of the ventricular cell layer and to cells of the dorsal plate. At birth expression is seen only in the dorsal grey horn (data not shown).
Expression in the inner ear
The development of the inner ear is initiated on day 8 p.c. with the thickening of the surface ectoderm, the otic placode, adjacent to rhombomeres 5 and 6. The otic placode subsequently invaginates and forms the otic vesicle, which is closed on day 9 of gestation. Differentiation of the vesicle starts with the outbudding of the endolymphatic duct on the dorsal side of the vesicle on day 10.5 p.c.. Over the next few days of development the cochlea, utricle and saccule are distinguishable. The formation of the semicircular ducts with their ampullae starts on day 12 of gestation. Innervation of the auditory nerve (VIIIth cranial nerve) begins on day 13 of gestation and the chondrification of the otic capsule on day 14.5.
Msal expression in the developing ear first appears on day 11 p.c. in the ventromedial part of the otic vesicle (Fig. 7 A) . Cells in this part of the otic vesicle are determined to form the cochlear and vestibular portion of the inner ear. The expression is restricted to an epithelial cell layer that gives rise to the neural sensory areas of the inner ear, the organ of Corti and the maculae of the utricle and the saccule (Li et aI., 1978) . Strong labelling is observed in a portion of the facial-acoustic ganglion complex (VIINIII) between day 11 p.c. and day 12.5 p.c. (Fig. 7A,B, arrows) . Sections through the developing ear at later stages (day 14 p.c.) show that the expression is associated with the sensory areas of the inner ear (Fig.  7C, arrows) . We have also performed sections through newborn heads, when all the supporting structures of the inner ear are completed, but when the sensory structures are still developing. Msal expression is detected in the organ of Corti in the epithelial ridge that forms the sen- sory hair cells and in the sensory epithelia of the vestibular apparatus (Fig. 7D, arrows) . The visible branches of the spiral ganglia are devoid of msal expression.
Expression in the developing brain
To define the boundaries of msal expression in the developing brain we have performed in situ hybridisations of embryos on day 8, 10, 11.5, 12.5 p.c. and in newborns. Fig. 5B shows the msal expression in a parasagittal section of a day 8 p.c. embryo. Msal is expressed in the whole developing brain and in the spinal cord. A sagittal section through a 10 p.c. day embryo shows that the expression in the forebrain retracts from the dorsal neuroepithelium. Strong labelling is seen in the ventral neuroepithelium of the brain vesicles extending from the optic recess to the spinal cord (Fig. 5D, arrow) . At this time the forebrain is already subdivided into telen-and diencephalon. In rostral transverse sections from day 11.5 p.c embryos msal expression is strong in the hypo- die pair. The zinc finger pairs show striking sequence similarities when compared to each other, suggesting a domain duplication event for their formation. The most prominent feature is the conserved eight amino acids SAL-box motif (FITKGNLK), in each of the second fingers. The cDNAs of the mouse spalt homolog contain seven and nine zinc fingers, respectively, that show similarities between 72.6% and 96.1 % at the amino acid level to the Drosophila zinc fingers and are spaced in a similar fashion. One of the zinc fingers is linked to the second zinc finger pair by a spacer of similar length in Drosophila and mouse. All the mouse zinc finger pairs contain the SAL box motif or related sequences. In the most prevalent cDNA clone only one threonine in the first pair is replaced by a serine residue. The SAL box is located in the a-helical part of the finger motif that is proposed to be the DNA-binding part of the protein domain (Jacobs, 1992; Pabo and Sauer, 1993 (Casanova, 1989; Roder et aI., 1992) .
In comparison to the Drosophila gene the mouse gene contains a fourth double zinc finger. Although this pair shows high similarities when compared to the Drosophila pairs it lacks a perfect SAL box motif. The fact that this additional zinc finger pair is conserved in mouse and Xenopus and expressed as an alternative splice product in both species (data not shown; R. Stick, pers. commun.) suggests an important function for this motif in vertebrates. One of the putative transactivation domains from the spalt gene, the glutamine-rich region close to the amino-terminus, is conserved in the mouse homolog. Taken together these structural similarities strongly support our notion that we have isolated the mouse homolog of the spalt gene.
There is further evidence that the spalt gene is strongly conserved in evolution. Kiihnlein et ai. (1994) describe the isolation of a spalt homolog out of Drosophila virilis, a species that is 60 million years of evolution apart of Drosophila melanogaster. We have used the mouse probe to isolate a genomic clone containing a part of a human spalt homolog. Partial sequencing of one zinc finger region shows a nearly identical sequence in comparison to the mouse sequence. The mouse probe was also used to isolate a Xenopus homolog of the spalt gene which shows a high degree of sequence similarity to the mouse gene (R. Stick, pers. commun.). The similarities are not only restricted to the zinc finger regions, but found over the entire coding sequence as well as in the exon-intron organization. Interestingly at the amino terminus of the Xenopus and mouse spalt protein a CCHC-like zinc finger motif is found (Fig. 2) that is not conserved in Drosophila.
Besides the high sequence similarities the Xenopus and mouse spalt genes share comparable expression patterns (R. Stick, pers. commun.). Both genes are expressed in the otic vesicle including the VIIIVIIIth. ganglion complex, the limb buds, the heart anlage, the pronephric system and in the central nervous system. The expression domains in the CNS show some differences suggesting special functions in both species. These findings implicate an important, evolutionary conserved role of spalt proteins for embryonic development, similar to that described for members of the Hox or the Pax gene families.
Expression during embryogenesis
During embryogenesis msal is expressed in tissues derived from the mesoderm and the ectoderm. The mesoderm-specific expression is seen only at early stages and is transient in some tissues. At day 7.5 p.c. msal is expressed in the forming mesoderm posterior to the node. This mesoderm gives rise to the urogenital ridge, limbs, somites, heart and other structures. Subsequently msal expression is located to a subset of cells of these structures including mesonephric and metanephric tubules, the progress zone of the limb buds, the tail tip and the truncus arteriosus of the heart. At later stages of embryogenesis we cannot detect msal expression in the developing kidney. The fact that we can detect msal expression in RNA from adult kidneys suggest a constant low level of expression or an activation of the expression in the postnatal kidney. Other mesoderm derived structures such as muscle, skin or bones show no msal expression. The fate map of the early streak stage embryo shows that the approximate regions of the mesoderm structures that express msal are closely linked (Tam and Beddington, 1987; Tam, 1989; Lawson and Pedersen, 1992) . This suggests that the time of migration of the embryonic ectoderm through the primitive streak and the capacity to express msal might be related.
Msal is highly expressed in tissues and structures derived from the ectoderm. At day 7.0 p.c. the entire presumptive neuroectoderm expresses msal RNA. Msal is therefore one of the earliest markers of the neuroectoderm. The homeodomain gene Otx2, a homolog of the Drosophila head specific gene orthodenticle, is expressed in early pre-streak embryos. Its expression is detected in cells of the epiblast and becomes restricted to anterior regions of the embryo during the mid-streak phase (day 7-7.5 p.c.) (Simeone et al., 1993) . Is it possible therefore that Otx2 expression in the presumptive neuroectoderm stimulates this tissue to express the msal gene. Otx2 is therefore a good candidate for an upstream regulator of the msal gene.
During development the msal expression becomes thalamus, the ventral and the dorsal thalamus with a sharp boundary at the posterior commissure, whereas the epithalamus showed no expression (Fig. SA) . The telencephalic vesicles show only weak expression in the dorsolateral part extending from the ganglionic eminences through the optic chiasm (Fig. SB,C) . A section on the level of the optic stalk shows strong expression only in the posterior preoptic area and in the hypothalamus. Weaker expression is detected in the anterior preoptic area and suprachiasmatic region (Fig. SB) . A sagittal section shows that msal is detected in the dorsal thalamus and in the pretectum, the epithalamus and the dorsal mesencephalon show no expression. The boundary between the dorsal thalamus and the epithalamus, the fasciculus retroflexus, expresses msal (data not shown).
In addition to the labelling of cells of the ventricular zone, a cell group in the mantle layer at the site of optic stalk outgrowth shows strong msal expression (Fig. SB,C,  arrows) . The optic stalk itself or the developing eye show no msal expression (Fig. 8C) . Expression on day 11.5 p.c. in the myelencephalon is restricted to the ventricular zone with a stronger labelling in the ventral region and in two cell groups in the mantle layer which flank the midline symmetrically (Fig. 8B,C, arrowheads) . There is no alteration of msal expression seen in brain sections of day 12.5 p.c. embryos (data not shown).
In newborn animals, msal is expressed at high levels in the olfactory bulbs and in the mammilary body (Fig.  9B,D) . Expression in the olfactory bulb is restricted to the periglomerular cell layer (Fig. 9D, arrow) . In addition labelling is seen in thalamic areas and in the ventricular zone adjacent to the lateral and third ventricle (Fig. 9A) . There is also an expression in the brainstem in the dorsal plate of the myelencephalon (Fig. 9C ) and in the region of the trigeminal nerve (Fig. 9B, arrows) .
Discussion
We have isolated a mouse homolog of the region specific homeotic gene spalt of Drosophila melanogaster, termed msal. The Drosophila spalt gene is important for the determination of terminal regions as opposed to segments of the trunk. Later in development it is expressed in the central nervous system, the tracheal system and the visceral mesoderm of the gut. The classification of the msal gene as a homolog is based on the similarities in the general gene structure and on similarities in the sequence of the zinc finger regions.
A prominent feature of the Drosophila spalt gene product is the existence of seven zinc fingers of the C 2 H 2 -type. Six zinc fingers are spaced as double zinc finger motifs while the seventh zinc finger is linked to the mid-clearly restricted to neuroectoderm-derived structures. The decreased msal expression in the headfold region is probably a reflection of the fact that ectodermal cells within this region give rise to a variety of head structures and not only to neuroectodermal cells. For example expression was not seen in surface ectoderm of the head. The overall expression in the neuroectoderm becomes then restricted to subdomains in the brain vesicles, the spinal cord and the inner ear structures. Although msal is expressed in mitotically active regions, e.g. the ventricular zone of the spinal cord and the brain, the regionalisation of msal expression makes it unlikely that msal is a basic factor for cell growth. It is more likely that msal expression is related to specific neuronal cell types or neurons with specific functions.
In situ hybridisations of sections from newborn heads show further specialisation of msal expression. Although one can see in some regions of the brain diffuse expression, one can easily define structures with high msal expression. These are the olfactory bulb, the trigeminal nerve, the dorsal part of the brainstem, the mammilary body and thalamic regions in the diencephalon. In the olfactory bulb a specific layer of cells, the periglomerular layer, expresses msal. These cells belong to the interneuron cell types with GABA receptors and are involved in inhibition of the relay neurons, the mitral-and tufted-cells (Trombley and Shepherd, 1993) . The mammilary body is a structure of the limbic system and functions as a relay station (Allen and Hopkins, 1989; Hayakawa and Zyo, 1989) . We do not yet know what the different regions of the brain, inner ear and spinal cord have in common, but it is likely that msal expression could be related to a specific subtype of neuronal cells or related to specific functions of these cells.
Is msal an ortholog?
Homologs of several Drosophila homeotic genes have been cloned from mice based upon their conserved DNAbinding domains. Although the structural homologies are obvious, it is difficult to postulate a homeotic function for msal on the basis of expression pattern.
The similarities between msal and spalt (sal) are that both genes are expressed in regions that give rise to analogous structures in both species. In the blastoderm stage the Drosophila spalt gene is expressed in parasegments 1-3, which includes the anlagen of the mandibule, the maxilla and the labial. These anlagen will develop skeletal elements of the mouth. In mice we can detect a weak msal expression in the first and second branchial arch in frontal sections of day 8-12.5 p.c. embryos. The similarities of the expression in analogous structures in Drosophila and mice suggest that msal defines the fate of cranial regions due to positional cues.
Conserved between Drosophila and mice is the strong expression in the central nervous system. Msal is detectable in the developing nervous system from the beginning of the formation of this structure. In Drosophila expression of spalt is visible in the procephalic region of the early blastoderm embryo and in the central nervous system during gastrulation. Although the formation of neural structures in Drosophila and mice are different msal might function as a selector gene for ectodermal cells to form neural epithelium.
Experimental procedures
Genomic library screening and DNA analysis
Two million phages of a mouse genomic library (Kaestner et aI., 1993) were screened with a 300 bp fragment of the Drosophila spalt cDNA labelled by random priming (Feinberg and Vogelstein, 1983) . Hybridisation and washing of the filters were performed according to Church and Gilbert (1984) , except that 50 mM NaCI was included in the hybridisation and washing solution and the hybridisation temperature was lowered to 56°C. Filters were rescreened with a degenerated oligonucleo-
) designed from the Drosophila SAL box motif. The oligonucleotide was endlabelled with polynucleotide kinase and [y-32P]ATP according to Sambrook et al. (1989) . Prehybridisation was performed in 6x SSC, 5 X Denhardt's solution, 0.5% SDS and 0.1 mg/ml yeast tRNA at 37°C for 3-4 h. Hybridisation was performed in 6x SSC, 1 X Denhardt's solution and 0.1 mg/ml yeast RNA at 37°C for 18-20 h with (0.5-1) X 10 6 dpm/ml of hybridisation solution. Three posthybridisation washes were performed in 4 X SSC/1 % SDS at 37°C followed by one at 42°C. The final washes were performed in 1 X SSC/1 % SDS, one at 42°C and a second one at 47°C. Double positive plaques were purified and hybridising inserts were subcloned into the Bluescript plasmid vector (Stratagene).
An oligo-dT primed mouse embryonic cDNA library was constructed from 51lg of Poly(A+)-RNA from day 9.5 p.c. embryos with the Pharmacia Time-Saver cDNAsynthesis kit and cloned into -l-ZapII-Vector (Stratagene). A total of 600 000 primary phages were obtained and screened with mouse probes under high stringency conditions (Church and Gilbert, 1984) . The cDNA inserts were sequenced after subcloning of Exonuclease III deletions and with the aid of synthetic oligonucleotides derived from the mouse sequence according to Luckow and Schutz (1991) . Sequence analysis was performed with the Heidelberg Unix Sequence Analysis Resources (HUSAR) program at the German Cancer Research Center.
RNA analysis
Total RNA was prepared from various adult tissues or from whole embryos after homogenisation in guanid-inium thiocyanate (Chirgwin et aI., 1984) . The integrity of the RNA was checked after the electrophoretic separation of RNA samples in a denaturing agarose gel. 18S and 28S rRNA bands were visualised with ethidium bromide. RNase protection analyses were performed using [a_ 32 p]_ UTP labelled antisense RNA derived from Bluescript subclones. The antisense probes were hybridised against 20-50 fig of total RNA at 54°C in 80% (v/v) formamide (Kaestner et aI., 1989) . As a probe for msal expression we have used an antisense-RNA made from a BamHI fragment (positions 1096-1427) coding for the first zinc finger pair. As an internal control we have used a 150 bp subclone of the mouse tbp (TATA box binding protein) gene (Tamura et aI., 1991) .
In situ-hybridisation
Mouse embryos and fetuses were obtained from matings between NMRI mice. Noon on the day of the vaginal plug was assumed as day 0.5. Embryos were fixed in 4% paraformaldehyde in PBS (pH 7.2), overnight, dehydrated through an ethanol series, cleared in toluene and embedded in paraffin. Five micrometre sections were cut for each stage. In situ prehybridisation and hybridisations were carried out as described by Wilkinson (1992) . As a probe we have used [a_ 32 p]UTP labelled antisense or sense RNA from a Bluescript (Stratagene) 1.1 kb PstIsubclone (positions 832-1948) containing the sequence coding for the first zinc finger pair. Before use the RNA probes were hydrolysed with NaOH to a final length of approximately 200 bp according to Wilkinson (1992) . Slides were dipped in Kodak NTB2 emulsion diluted 1: 1 with water and exposed at 4°C for 5-7 days and developed using Kodak D 19 developing solution and Kodakfix at 15°C for 4 min. Sections were stained using eosin and haematoxylin and visualised using a Zeiss Axiophot microscope.
